The B6C3F1 strain of mice i s prone to develop liver nodules as animals grow older. This spontaneous tumor development i s enhanced by dietary lipotrope deficiency. The present studies were performed to evaluate the liver of the B6C3F1 mice in early periods of lipotrope deficiency and before the nodules appear. Mice were fed high levels of dietary fat (cotton seed oil or beef fat) without choline o r vitamin BI2. The livers of these mice were compared with those of mice subjected to partial hepatectomy or dietary phenobarbital both of which enhance liver nodule formation. The ability of putative preneoplastic hepatocytes to exclude parenteral-administered iron was used to detect this eventual phenotype. A lipotrope-deficient condition was established which typically exhibited fatty liver and increased cell proliferation, the latter measured by autoradiography. In the time periods evaluated the lipotrope-devoid diets were not sufficient to induce nodular or putative preneoplastic lesions. An excessively high activity of p-nitroanisole-O-demethylase and a single small fatty nodule were obtained when phenobarbital was added to the lipotropedeficient diet. Scattered eosinophilic hepatocytes were seen i n every experimental group when the histologic slides were stained for iron pigments, but their biologic significance in the present experiments could not be established. Under the conditions o f this study, the liver of the B6C3F1 strain of mouse exhibited .only minor indications of future tumor development.
INTRODUCTION
Bioassays, designed to test the carcinogenic potential of chemicals, have used the appearance of rodent liver nodules as a positive index of carcinogenicity (13, 19) . This subject becomes complex if we take into consideration nodules which appear "spontaneously" in the rodent liver lvithout any known exogenous etiologic agent (16, 18, 29) . That is the case of the BGC3F1 aging male mouse which develops liver tumors spontaneously with an incidence ranging between 7 and 58% (32,34). Despite this background in nodule development this strain has been widely used in carcinogenic bioassays (1, 8) raising a number of questions relative to the evaluation of the carcinogenic potential of the chemical under test (6, 10, 19, 33, 34) .
Lipotrope deficiency (LD) optimizes the testing of chemicals which are putative carcinogens for the rodent liver (1, 25, 26) . However, it has also been shown that LD alone enhances the development 'of spontaneous nodules in the B6C3F1 strain of mice (18) and even primary liver cancer in Fisher F-344 aging rats (7). The role of LD in the process of liver carcinogenesis is not clear (18) . Lipotropes participate in methyl group transfer, including synthesis of phospholipids and 10 therefore of lecithins (22) . In a LD condition, cell necrosis (3) followed by increased cell proliferation (24, 28, 30) , altered metabolism of carcinogens (2, 11, 17) , and/or a possible altered methylation of macromolecules (including DNA) (20, 22) might encompass a group of alterations which lead to the carcinogenic process.
We can postulate that the liver cells of species which develop LD-enhanced spontaneous liver tumors are already initiated by the time they are put on experimental diet or that the dietary condition in some way makes the liver more susceptible to a n initiation process. Regardless of the influence of the LD, it probably occurs long before the liver nodules appear. In the rat model of liver carcinogenesis, the nodules are preceeded by morphologic and histochemic hepatocytic alterations assumed to be preneoplastic (16, 17) . Some of these occur in the mouse model (25, 26) . As the mouse model of carcinogenesis is somewhat different from the rat (12, 23), it seemed important to study the liver of the LD B6C3F1 male mouse at different time periods before the lesions appear. The present report deals with'two short-term experiments on this subject. To evaluate the role of LD on changes in the liver prior to nodule formation we compared the LD liver with livers from mice exposed to two other nodule-enhancing conditions: partial hepatectomy (1, 18) and diet a r y p h e nob a rbi t a 1 (3 0).
MATERIALS AND METHODS

General Procedures
, B6C3Fl (C57BL/6 X C3H/AnfF1) male mice were purchased from Charles River Breeding Laboratories In c . (W i 1 mi ng t on, MA).
Food (Table I ) and tap water were provided ad lib during the experiments. The mice were housed individually, acclimatized for 1 week, and then assigned to the various treatments. They were weighed weekly and at time of death.
In order to detect the eventual presence of iron-excluding hepatocytes, regarded by some as a marker of liver nodule cells in B6C3F1 mice (36) , all animals were treated with iron-dextran (Imferon) at a dose of 0.1 m1/40 g of body weight, 3 times/week during the 2 weeks before death. The mice were killed by decapitation, livers removed, weighed, part of each lobe immersed in 10% neutral formalin for fixation, and the remain- soma1 enzyme activity (Experiment 1) or for lipid content evaluation (Experiment 2). Histologic analysis was done in fragments stained with hematoxylin and eosin and for iron pigments.
Experiment 1
Nine-week-old male mice were randomly assigned to one of four different dietary groups (Table I ): 1) control; 2) control plus phenobarbital; 3) lipotrope-deficient; 4) lipotrope-deficient added plus phenobarbital. Some animals of each group were killed at 1 2 and at 17 weeks after starting the experiment. The left lobe was submitted to histologic analysis and the remaining liver to enzymatic activity evaluation.
Microsomal Enzyme Activity. The activity of p-nitroanisole-0-demethylase was evaluated by the method of Zannoni (37) . Protein content of the suspensions was determined by the Lowry method; enzyme activity was expressed as micrograms of enzyme per milligram of protein per minute.
Experiment 2
In a second part of this study, 3-to 4-weekold male mice were randomly assigned to one of two high-fat (beef fat) diets differing in their lipotrope content (Table I) . Three weeks later partial hepatectomy was performed on some animals of each dietary condition. This established four experimental groups: 1) control; 2) control-hepatectomized; 3) lipotropedeficient ; 4) 1 i po t rop e-d e fi ci en t -h e pa t e c t omizad. Animals Ivere killed at the 4th. fith and 22nd weeks after the start of feeding the diets. After sampling the lobes for histologic analysis, the remaining liver was put in the oven at 80°C overnight for evaluations of dry weight and lipid content.
Autoradiographic Analysis. Two hours before death, the mice were injected intraperitoneally with 1 pCi/g body weight of [3H] thymidine (New England Nuclear Co.). After death and fixation of the livers in formalin, fragments of each lobe (at least four pieces/ animal) were embedded in paraffin, sectioned at 5 pm thickness, coated with emulsion (NTB2, Eastman Kodak Co., Rochester, NY), exposed for 3 weeks, and, after development and fixation, stained with specific stain for iron pigments. In that way, evaluation of labeling index and the detection of eventual iron-free cell foci were done on the same slide. Labeling index was estimated by counting the percentage of labeled hepatocyte nuclei at 400 X; 50 fields/animal (2000-3000 hepatocytes) were counted. Increased values of labeling index were assumed to correspond to increased incorporation of [3H] thymidine into DNA and therefore enhanced cell proliferation. Corresponding sections .were stained with hematoxylin and eosin.
Fat Content. The fat content in the dried livers were determined gravimetrically after extraction with chloroform-methanol (1:l).
Statistical Analysis. At each experimental time period groups in the same experiment were compared by one-way analysis of variance. When significant F values were detected, the differences between mean values of each group were ,tested at p = 0.05 by the Scheffe's method (35) . Analyses were done in a Hewlett-Packard 67 Calculator. Tables I1 and 111 . There were no significant differences in body weights of the animals in the different groups at either 1 2 or 17 weeks. Livers of the mice with PH added to the diets tended to be heavier than those of animals fed control or LD diets. In fact, the relative weight of the liver (LW/BW, Table 111 ) was increased in PHfed animals, irrespective of the lipotrope content of the diets, either at the 12th or the 17th week. The relative weight of the liver of the LDPH group was significantly greater than any of the other groups. The activity of PNA (Table 111) was enhanced by PH in such a way that the group fed this diet showed consistently higher values of activity, also, regardless of the lipotrope content of diets, Histologically (Table 11 ) most of the mice fed LD diets showed fatty liver, a hallmark of the lipotrope deficiency syndrome. Phenobarbital-fed mice exhibited a consistent morphologic response, expressed as centrilobular hepatocyte hypertrophy, irrespective of the lipotrope content of the diets (Fig. 1) . Also observed (Fig. 2) was a single "fatty" nodule (0.2 cm of diameter) at the periphery of the left lobe of a LDPH mouse killed at the 17th week of experiment: That was the only nodular lesion found in both experiments.
RESULTS
Experiment I. The observations gathered from this experiment are in
Regarding iron-excluding cell foci, none was found in this experiment. However, in all dietary groups there were scattered eosinophilic hepatocytes which excluded iron, identified by specific stains. They were seen either along the central vein or isolated within the lobules (Fig. 3) . These were similar if not identical with hepatocytes described earlier (6) which were GGT positive and negative for most histochemically identifiable enzymes. As LD induced fatty accumulation in most of the parenchymal cells, the altered hepatocytes usually showed fewer iron granules, and these were displaced against the cell periphery. Because of this peculiarity alterated eosinophilic hepatocytes were more difficult to detect in LD mice.
Experiment 2. The observations gathered from this experiment are in Table IV hepatectomy (Hx), lipotrope deficiency, or association of both treatments (LDHx) induced numerical increases of the labeling index at every experimental period. The values were significantly different from the respective controls at the 4th week for the Hx and LD mice; at the 22nd week only the LDHx group showed a significantly higher value for labeling index although the LD group mean value was also numerically. elevated. Histologically the findings were quite similar to those of Experiment 1 with respect to the lipotrope deficiency. However, in this experiment nodules were not observed. Eosinophilic hepatocytes were seen in all groups, scattered within the lobules, when specific stain for iron pigments were used. 
DISCUSSION
It should be pointed out that the two experiments presented here used animals of different starting ages (in Experiment I they were older than in Experiment 2, which used weaning animals) and different diets (in Experiment 1 the oil source was vegetable and the percentage in the diet was not as high as that used in Experiment 2, which contained animal oil), so, the experiments are not directly comparable. The high levels of oils used, in relation to mouse requirements (31), were used to modify fat metabolism and enhance the LD. Concerning the process of liver carcinogenesis it seems that the nature of the oil in the diet is relevant; for instance, corn oil may be more promoting than beef fat in aflatoxin B,-induced liver tumors in rats (4, 17) .
'The dietary LD model in mice is somewhat different from that in the rat because most strains of mice do not develop liver cirrhosis and hemorrhagic necrosis, typical of LD in rats. However, if the fatty liver is assumed as a hallmark of that deficiency it can be ac- cepted that it was established in both experiments, as can be seen at Table 11 ; all but one of the LD group and one LDPH mouse developed fatty liver which was identified histologically. Furthermore, the mean gross lipid content values of the LD and LDHx mice were numerically higher than their respective controls (Table IV) .
Lipotropes are important for development and maintenance of the structures of the smooth endoplasmic reticulum membranes (SER) and for the activity of some enzymes related to this subcellular system in the liver (5, 14) .
The hypertrophy of centrilobular cells induced by PH and other enhancers of the mixed functions oxidases (MFO) is concomitant to the hyperplasia of the SER in the hepatocytes (5,35) . In dietary LD the response of the liver of rats, as reflected by the activities of PNA, ethylmorphine demethylase, and aminopyrine demethylase and by the integrity of the SER at ultrastructural level is impaired, compared to that in rats fed supplemented diets (2, 27) , even though some enzymatic induction does occur. In Experiment 1, mice fed only PH diets exhibited increased activity of PNA but the mean values became significantly higher than the respective controls only when the PH treatment was added to the LD diet, either at the 12th or at the 17th week. Fat accumulation occurred at the periportal hepatocytes while the centrilobular ones were hypertrophic. Liver weight and enzymatic induction suggested that an interaction between LD and PH might have occurred.
The reason for the excessively high levels of PNA activity in LDPH mice is unclear; it is either a mouse strain specificity (with a threshold resistance to choline deficiency) or the oil source in the diet might have contributed to it. In this regard, it has been reported that polyunsaturated fatty acids in the diet, as was the case in this study, permits maximum induction of the MFO in rats (2, 14) . In the present situation we may be observing a n enzymatic rebound effect in a species known for its relative resistance to the dietary choline deficiency.
In both studies described here, focal alterations which could be considered to be putative preneoplastic lesions were not observed. However, scattered eosinophilic hepatocytes were seen with very few granules of iron in the cytoplasm (Fig. 3) . Interestingly enough, they were observed in every experimental group, irrespective of the dietary or surgical treatment imposed on the mice. Moreover, they were not found in previous experiments where mice were held up to 10 weeks of age (18) . It is possible that at some specific time after 10 weeks of age hepatocytes with this specific phenotype start to appear; the significance of those cells, in the context of the present experiments, should be further evaluated.
Of 55 animals submitted to one of the three treatments (LD, Hx, PH) or association of them (LDPH, LDHx), only 1 developed a small peripherical fatty nodule, similar to those seen in previous work (18) . This nodule which excluded iron, was in a mouse from the LDPH group. The BGC3F1 strain is said to develop nodules in the liver spontaneously after 12 months of age. We have seen that Hx and LD precipitates the appearance of the nodules to the 6th month (5). In Experiment 1 this single nodule occurred at the 17th week and it is possible that a synergistic effect of LD and dietary PH played a role. Indeed, PH alone is also an enhancer of spontaneous nodule development in some strains of mice (181. High mitotic counts and increased labeling of hepatocytes by [3H thymidine have been without a chemical carcinogen (1, 8, 18) . Experiment 2 shows that the same phenomena occurs in the mouse. The increased labeling index was sustained up to the 22nd week although no nodule appeared in this part'icular study. The beef fat as the oil source in the diet could be responsible for the delay (17) . The proliferative response brought about by the LD condition was higher than that of the Hx. This proliferative response was similar to that observed in the LD rat and corroborates the choline deficiency model. In summary, the present studies showed that a LD can be established in the B6C3Fl strain of mice, as shown by fatty liver and increased DNA synthesis. In the time periods evaluated the dietary conditions were not sufficient to induce nodular or putative preneoplastic lesions under the approaches used. Neither the dietary PH nor Hx alone were sufficient to induce lesions in the periods of time covered by these studies. Under the conditions of these experiments the earlier periods of nodular transformation of the liver of the B6C3Fl strain of mice is characterized by very few indications of future tumor appearance. The significance of the scattered isolated eosinophilic hepatocytes seen in animals injected with iron remains to be clarified,
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